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Abstract
·AIM:Tocomparevisualperformanceofwavefront-
guidedlaser keratomileusis (LASIK)withiris-
registration (Wg-LASIKgroup)andconventionalLASIK
(LASIKgroup)oneyearaftersurgeryandanalyzethe
correlationbetweenwavefrontaberrationsandvisual
performance.
·METHODS:Eighthundredandfifty-twomyopiceyes
of430patientswereenrolledinthisprospectivestudy
anddividedintotwogroups:Wg-LASIKgroup(436
eyes) and LASIK group (416 eyes). A Wavescan
WavefrontaberrometerwasusedtoanalyzeZernike
coefficientsandtheroot-mean-square (RMS)ofhigher
order aberrations, and Optec 6500 visual function
instrumentwasusedtomeasurecontrastsensitivity(CS)
beforeand3,6,12monthsaftersurgery.
·RESULTS:Themeansphericalequivalent(SE)inWg-
LASIKgroupwassignificantlybetterthanthoseinLASIK
grouponeyearaftersurgery(=0.024).Wg-LASIKeyes
showedbetterCSvaluesthanLASIKeyesatallspatial
frequencieswithandwithoutglareaftersurgery ( all<
0.01).Moreover,theincreaseofhigherRMS(RMSh),
coma,RMS3,RMS4,RMS5inWg-LASIKgroupwere
significantlylowerthanthoseinLASIKgroup1yearafter
surgery ( all<0.05).Theincreaseofcoma,spherical
aberration(SA),RMS3andRMS4inWg-LASIKandcoma
andRMS3inLASIKgroupwerenegativelycorrelated
withreductionofcontrastsensitivity1yearaftersurgery.
·CONCLUSION:Asignificantbettervisualperformance
isgotinWg-LASIKgroupcomparedwithLASIKgroup1
yearaftersurgery,andtheWg-LASIKisparticularly
suitableforeyeswithhigh-magnitudeRMSh.
· KEYWORDS: aberration;contrastsensitivity; visual
performance;laser keratomileusis
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INTRODUCTION
A
lthoughconventionallaser keratomileusis
(LASIK)hasbecomeanefficientandsafewayin
reducing spherocylindricalrefractiveerrors, thereare
concernsaboutadecrementofvisualperformanceafterthe
refractivesurgery,suchasglareandhalosunderdim
conditionsandpoornightvisiondespitethefactthatvisual
acuityhasbeenimproved
[1-5].Recentstudiesshowthatthe
increaseinocularopticalaberrationswhichdegradedthe
retinalimagemayaccountformostofthedecreasein
contrastsensitivityandsymptomsdescribedabove
[6-8].
Wavefront-guidedLASIKwithiris-registrationmayimprove
visualperformancebyreducingoreliminatingexisting
ocularaberrations.Somestudiesreportedthatcontrast
sensitivityandvisualperformancewereimprovedafter
wavefront-guidedLASIKandmostauthorsagreedwiththe
apparentsuperiorityofwavefront-guidedlaserablationsover
conventionalsurgery
[9-11].
ApartfromSnellenacuity,contrastsensitivityisamore
reliableparameterinassessingvisualperformance.Contrast
sensitivitymeasurementat6and12cpdisconsideredtobe
themostusefulintheassessmentofpatientswhohave
undergonelaserrefractivesurgery
[12].Therehavebeenreports
ofatleasttemporarylossesofcontrastsensitivity,andthis
lossmaypersistthrough6monthsafterLASIK
[13-15].
However,toourknowledge,anin-depthandlargecohort
statisticalcomparisonofcornealaberrationsandvisual
performancebetweenconventionalLASIK(LASIKgroup)
and wavefront-guidedLASIKwith iris-registration
(Wg-LASIKgroup)continuedformorethanoneyearhas
notbeenperformed.
Theaimofthisstudywastocomparethevisualacuity,
higher-orderaberrationsandcontrastsensitivityof
Wg-LASIKgroupandconventionalLASIKoneyearafter
thesurgeryandevaluatethelong-termeffectof
wavefront-guidedLASIK and conventionalLASIK
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treatmentsoncontrastsensitivityandvisualacuity,sowe
hopetoprovideapropositionfor refractive surgical
treatments.
SUBJECTSANDMETHODS
Subjects Thisstudyincluded852eyesof430consecutive
patientswhowerescheduledforLASIKfromJanuary2007
toJune2010intheTongrenOphthalmicCenterofCapital
MedicalUniversity(Beijing,China)andallthepatients
completedoneyearofpostoperativefollow-upexaminations.
DuringtheperiodfromApriltoJuly2010,436eyesof220
patientsweretreatedwithwavefront-guidedLASIKwith
iris-registration.Tobetterevaluatetheoutcomeofthe
wavefront-guidedLASIK,acomparablegroupof210
patientstreatedwithconventionalLASIKduringtheperiod
fromJunetoSeptember2009wasidentifiedretrospectively.
Allpatientswere thoroughly informedaboutthe
examinationsandsurgicalprocedureandsubscribedwritten
consents.
Examinations of Visual Performance Higher-order
aberrations(HOAs)weremeasuredbyWaveScanWavefront
aberrometer (VISXInc.,SantaClara,USA)basedonthe
principleoftheHartmann-Shackwavefrontsensortechnique
[16].
AllHOAsweremeasuredinthescotopiccondition(3cd/m
2)
after10-mindarkadaptation.Askilledtechnicianperformed
threeexaminationsonthesameeyewitha6mmpupil
diameter.Thefollowingparameterswererecordedand
analyzed:1)TherootmeansquareofHOAsfrom3
rd to6
th
orders(RMS3-6);2)RMSof3
rd coma(squarerootofthe
sumofthesquaredcoefficientsofZ3
-1 andZ3
1),trefoil(Z3
-3
andZ3
3),4
th ordersphericalaberration(SA)(Z4
0)andRMS
oftotalhigherorderaberrations(RMSh).
Contrastsensitivitywithandwithoutglarewasmeasuredby
usingOptec6500VisionTester(StereoOpticalCo.Inc,
USA)underscotopiclightingconditions(3cd/m
2).All
patientswereexaminedformonocularcontrastsensitivity
andweremeasuredwithcorrectedsphericalandcylindrical
lensaccordingtothemanifestrefractioninthenatural
scotopic conditionafterdark adaptation.Thespatial
frequenciesatwhichcontrastsensitivitywasexaminedwere
1.5,3,6,12,18cyclesperdegree(cpd),andcontrast
sensitivitywasexpressedinlogarithmicunits.
SurgicalTechnique Allsurgerieswereperformedbythe
sameexperiencedsurgeonusingVISXSTARS4excimer
lasersystem(VISXInc.,SantaClara,USA)withvariable
spotscanningandtheM2automatedmicrokeratome(Moria,
France).Thewavefrontdataweretransferredbyfloppydisk
fromtheWaveScanWavefrontaberrometer(Zernike
software)totheSTARS4excimerlasersystem.TheMoria
M2automatedmicrokeratomewasusedtocreatean8.5
diametercornealflapwitha6.0mmopticalzoneand0.5mm
transitionzone.Afterphotoablation,theflapwas
repositionedandtheinterfacewaswashedwithbalancedsalt
solution.Aftertheoperation,patientswereinstructedto
instillfluorometholone0.1%fourtimesperdayfor3days,
andthentaperedoverfortwoweeks,levofloxacinand
artificialtearsfoursperdayfor2weeks.
StatisticalAnalysis Datawereexpressedasmean依standard
deviation(SD)andanalyzedwiththeSPSS13.0statistical
software(SPSSInc,Chicago,Illinois,USA). Paired
Student's -testwasusedfortheevaluationofmeasurement
databetweenpost-andpre-treatment.Betweenthetwo
groups,Independent-samples -testwasusedtoanalyze
measurementdataconformtonormaldistributionand
Wilcoxonsignedranktestwasappliedformeasurementdata
notconformingtonormaldistribution,andChi-squaretest
wasusedtoenumerationdata.Amultiplestepwise
regressionanalysismodelwasappliedtoanalyzethe
relationshipbetweenHOAsandcontrastsensitivity. <0.05
wasconsideredstatisticallysignificant.
RESULTS
Preoperative Characteristics Thepreoperative
characteristicsofpatientsareshowninTable1.No
significant differences were observedbetweenthe
Wg-LASIKgroupandLASIKgroup.
Table 1  Preoperative characteristics of eyes undergoing Wg-LASIK and LASIK 
Characteristic  Wg- LASIK 
Mean±SD (Range) 
LASIK 
Mean±SD (Range) 
1P 
n                                                                                                        436  416  -- 
Age (a)  28.56±4.76 (18 to 40)  29.12±5.23 (20 to 40)  0.279 
M/F  95/125  79/131  0.328 
Spherical lens (D)  -5.42±1.68 (-1.85 to -7.65)  -5.29±1.74D (-1.35 to -7.85)  0.587 
Cylindric lens (D)  -0.75±0.39 (0.00 to -4.20)  -0.68±0.54 (0.00 to -3.85)  0.319 
SE (D)  -5.26±1.59 (-1.86 to -7.50)  -5.41±1.76 (-1.50 to -8.25)  0.296 
UCVA (logMAR)  1.36±0.24 ( 0.15 to 1.70)  1.39±0.27 (0.1 to 1.70)  0.289 
BSCVA (logMAR)  -0.13±0.05 (-0.08 to 0)  -0.12±0.06 (-0.08 to 0)  0.612 
SE: Spherical equivalent; UCVA: Uncorrected visual acuity; BSCVA: Best spectacle-corrected visual acuity. 
1Analyzed by Independent-samples t-test (Age, Spherical and Cylindric lens, SE, UCVA, BCVA) and χ
2 test (Sex). 
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Effectiveness Uncorrectedvisualacuity(UCVA)was
measuredateachvisitforeachgroup.Ninety-sixpointone
percent,96.6%and94.4%ofWg-LASIKgroupwere 逸20/20
at3months,6monthsandoneyearaftersurgery,compared
to92.3%,89.6%and88.2%fortheconventionalLASIK
grouprespectively( all>0.05).
Predictability TheSEof95.1%and92.6%eyesin
Wg-LASIKand90.6%and86.3%eyesinconventional
LASIKgroupwerewithin 依0.50Dthreemonthsandone
yearaftersurgery.ThemeanpreoperativeSE(-5.42依1.68)D
wassignificantlyreducedto(-0.21依0.38)Dat3monthsand
(-0.24 依0.41)DatoneyearaftersurgeryinWg-LASIK
group,while(-5.29依1.74)Ddecreasedto(-0.43依0.54)Dat3
monthsand(-0.46依0.52)Dat1yearinconventionalLASIK
group.ThedifferencesbetweentwogroupsforSEat3
monthsandoneyearaftersurgerywerestatistically
significant( =0.015, =0.024).
Safety Threemonthsaftersurgery,29.6%ofthetreated
eyesgainedonelineofSnellenbestcorrectedvisualacuity
(BCVA),and17.2%gainedtwolinesinWg-LASIKgroup.
Afteroneyear22.3%gainedonelineand13.5%gainedtwo
lines.Noneoftheeyeslostlineat3and6monthsafter
Wg-LASIK,but0.8%oftheeyeslostonelineat1yearafter
surgery.Seventeenpointeightpercentand12.1%oftheeyes
gainedoneline3monthsandoneyearaftersurgeryin
conventionalLASIKgroup.Noneoftheeyesgainedtwo
lines,while8.9%oftheeyeslostonelineatoneyearafter
surgery(Figure1).Nointra-orpostoperativecomplications
werenotedduringthestudy.Noeyeunderwentretreatment
duringthefollow-upperiod.
Contrastsensitivity Contrastsensitivitywithandwithout
glarewascomparedbeforesurgeryand3,6and12months
aftertreatment.Thepreoperativecontrastsensitivitylog
valueswerenotsignificantlydifferentbetweenthetwo
groups ( >0.05) (Figure2).Thedifferencesbetweenthe
twogroupswerestatisticallysignificantat3,6and12
months( all<0.01)(Figure3).Moreoverthemagnitudeof
improvementwasgreaterathigherspatialfrequencies(12
and18cpd)thanlowerspatialfrequencies(1.5and3cpd)
underalllightingconditions(Figure3).
ContrastsensitivityinWg-LASIKeyesimproved
significantly(all<0.01)atallspatialfrequencies
(1.5-18cpd)3,6and12monthsaftersurgery,while
conventionalLASIKgroupdisplayedsignificantlyreduced
CSvaluesatmostspatialfrequenciesexceptfor1.5cpdwith
glare(<0.01)at3monthsaftersurgery.ThentheCS
valuesinconventionalLASIKgrouprosetothesamelevel
aspreoperativeCSat6and12months,exceptthatCS
valuesat12and18cpdbothwithandwithoutglareremained
worsethanpreoperativevalues( <0.01).
Higher-order aberration Therewerenostatistically
significantdifferencesinRMSh,3
rd coma,trefoil,4
th SAand
RMS3-6betweenWg-LASIKandconventionalLASIK(
Figure1 Changesinbestspectaclecorrectedvisualacuity
(BSCVA)3,6and12monthsaftersurgeryinWg-LASIK
groupandconventionalLASIK.
Figure2 Preoperativecontrastsensitivity (CS)forWg-
LASIKandconventionalLASIK A:PreoperativeCSwithout
glare;B:PreoperativeCSwithglare.AnalyzedbyIndependent-
Samples test.
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Figure3Postoperativecontrastsensitivity(CS)forWg-LASIKandconventionalLASIK A:3-monthCSwithoutglare;B:3-month
CSwithglare;C:6-monthCSwithoutglare;D:6-monthCSwithglare;E:1-yearCSwithoutglare;F:1-yearCSwithglare.Analyzedby
Independent-samples -test.
a <0.05.
all>0.05)preoperatively.TheRMSvaluesofhigherorder
aberrationsincreasedsignificantlyinbothgroups( all<0.01)
aftersurgeryexceptfortrefoilandRMS6inWg-LASIK
groupandtrefoilinconventionalLASIKgroup( all>0.05).
RMSvaluesofHOAsinWg-LASIKwerelowerthanthose
inconventionalLASIKgroupat3,6and12monthsafterthe
surgery.Thedifferenceswerenotstatisticallysignificantat3
months,whileat1yearRMSh,coma,RMS3,RMS4and
RMS5inWg-LASIKeyesweresignificantlylowerthan
thoseinconventionalLASIKgroup( all<0.05)(Table2).
ThecorrelationbetweeninducedchangesinRMShand
preoperativeRMShinWg-LASIKandconventionalLASIK
isshowninFigure4.Asignificantnegativecorrelationwas
foundinbothgroups;thatmeans,whenthepreoperative
RMShwashigher,theinducedchangesinRMShwere
lower.ThecorrelationcoefficientinWg-LASIKgroupwas
-0.628( =-0.628)whilethatinconventionalLASIKwas
-0.486(=-0.486),andthecoefficientsineachgroup
achievedstatisticalsignificance( <0.01).
MultipleStepwiseRegressionAnalysisonHigher-Order
AberrationsandContrastSensitivity
Correlation between higher-order aberrations and
Table 2  Preoperative and postoperative higher-order aberrations 
Parameter  Preop.  3 months Postop.  6 months Postop.  12 month Postop. 
  wgLASIK  LASIK  wgLASIK  LASIK  wgLASIK  LASIK  wgLASIK  LASIK 
RMSh  0.33±0.11  0.32±0.17  0.57±0.19  0.57±0.17  0.52±0.14
a
  0.68±0.25
a
  0.52±0.20
a
  0.64±0.21
a
 
Coma  0.17±0. 01  0.17±0.10  0.34±0.18  0.368±0.19  0.30±0.14
a
  0.40±0.25
a
  0.28±0.19
a
  0.42±0.21
a
 
Trefoil  0.17±0.10  0.15±0.09  0.16±0.11  0.17±0.10  0.14±0.09
a
  0.21±0.19
a
  0.15±0.14  0.16±0.09 
SA  0.11±0.09  0.10±0.08  0.27±0.15  0.27±0.17  0.31±0.16  0.35±0.17  0.31±0.15  0.32±0.21 
RMS 3  0.25±0.11  0.23±0.11  0.40±0.17  0.42±0.17  0.34±0.13
a
  0.48±0.27
a
  0.34±0.20
a
  0.46±0.20
a
 
RMS4  0.16±0.08  0.16±0.11  0.31±0.14  0.31±0.15  0.34±0.14  0.38±0.17  0.26±0.16
a
  0.39±0.19
a
 
RMS5  0.08±0.03  0.09±0.11  0.12±0.05  0.13±0.05  0.11±0.05
a
  0.15±0.07
a
  0.11±0.05
a
  0.13±0.07
a
 
RMS6  0.06±0.03  0.06±0.04  0.09±0.04  0.10±0.04  0.09±0.05
a
  0.11±0.04
a
  0.09±0.04  0.09±0.04 
Analyzed by independent-samples t-test, 
aP<0.05. 
501Figure4 CorrelationbetweeninducedchangesinRMShandpreoperativeRMSh A:Wavefront-guidedLASIKgroup;B:
ConventionalLASIKgroup.
contrastsensitivity MultipleStepwiseRegressionanalysis
was appliedto analyzetheinfluenceofpreoperative
higher-orderaberrationsonthefivespatialfrequencies
contrastsensitivityandtheregressionequationsareshownin
Table3(<0.05).Preoperatively,thereductionincontrast
sensitivityat1.5and3cpdspatialfrequencieswascorrelated
significantlywiththeincreaseofSA.Highlysignificant
positivecorrelationbetweenRMS6and1.5cpdcontrast
sensitivitywere observed,whilesignificantnegative
correlationsbetweenRMS5and6cpdcontrastsensitivity
wereseen.Thereductionin18cpdcontrastsensitivitywas
significantlycorrelatedwiththeincreaseofRMS6.After
surgery,wefoundthatthechangesofSA,RMS3andRMS4
werenegativelycorrelatedwiththechangesofCSat1.5and
3cpdspatialfrequencieswhilethereductioninCSat6and
12cpdwascorrelatedsignificantlywiththeincreaseof
RMS3andSA.
DISCUSSION
Inthepresentstudy,long-termefficacyandsafetyof
wavefront-guidedLASIKwithiris-registrationwere
excellent.By1year,94.4%eyesofWg-LASIKgroupwere
逸20/20,while88.2%eyesofconventionalgroupwere
逸20/20.InWg-LASIKgroup22.3%eyesgainedoneline
and13.5%gainedtwolineswhile12.1%eyesgainedone
lineandnoeyesgainedtwolinesinconventionalLASIK
grouponeyearaftersurgery.Thepredictabilityofrefractive
resultswasalsoencouraging.ThemeanresidualSEin
Wg-LASIKgroupwassignificantlylowerthanthosein
conventionalLASIKgrouponeyearaftersurgery.The
outcomesobtainedincurrentstudyweregenerallyconsistent
withpreviousstudies
[17,18].Thequalityofvisionafter
wavefront-guidedLASIKwithiris-registrationwas
remarkable.Althoughsomestudieshaverevealedthat
conventionalLASIKleadstolossofcontrastsensitivityand
12and18cpdunderdimconditionarethemostaffected
frequencies,othershaveshownthatthiseffectrecoverswith
1monthto1yearaftersurgery
[19-25].Inthecurrentclinical
study,itwasfoundthatWg-LASIKeyesshowedbetterCS
valuesthancorrespondinglypreoperativevaluesatallspatial
frequencieswithandwithoutglareat3,6and12months
aftersurgerywhileconventionalLASIKdisplayedreduced
CSvaluesat3months,whichwassimilartotheresultsthat
gotwiththesamevisiontester3monthsaftersurgery
[26].
ThentheCSvaluesinconventionalLASIKgrouprosetothe
samelevelaspreoperativeCSat6and12months,except
thatCSvaluesat12and18cpdbothwithandwithoutglare
remainedworsethanpreoperativevalues.
Thevaluesofhigher-orderaberrationsandZernike
coefficientsinWg-LASIKwerelowerthanthosein
conventionalLASIKgroupat3,6and12monthsafter
surgery.Thismightbeduetotheeye-trackingand
iris-registrationsystemswhichpreciselyestablishthespatial
relationshipbetweentheopticsoftheeyeandthenatural
featuresoftheiriscanrecognizeandcompensateforocular
torsionalmovementsandsub-clinicaldecentrationwhen
patientschangedfromsittingpositiontoclinostatismandfor
pupilcentershiftfromscotopicconditiontophotopic
condition.Ourstudyalsoshowedthatwhenthepreoperative
RMShwashigher,theinducedRMShchangesbybothtypes
oftreatmentswerelower.Furthermore,thecorrelation
coefficientinWg-LASIKgroupwas-0.628whilethatin
conventionalLASIKwas-0.486,andthecoefficientsinboth
groupsachievedstatisticalsignificance(all<0.01).Our
resultsweresimilartoresultsofPadmanabhan,more
importantly,thecoefficientsinbothgroupsachieved
Table 3  Regression equations of HOAs and contrast sensitivity 
Spatial frequency  Regression function  F  P 
1.5c/d (a)  a=1.835+0.642RMS6-0.421SA  6.377  0.011 
3c/d (b)  b=1.899-0.358 SA  6.200  0.014 
6c/d (c)  c=1.732-0.384 RMS5  5.262  0.023 
12c/d (d)  d=1.557-0.826RMS3-0.645SA  7.063  0.009 
18c/d (e)  e=0.643+0.641RMS6  4.699  0.031 
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statisticalsignificance
[27].Thatmeanseyeswitha
significantlyhighmagnitudeRMSharemorelikelyto
benefitfromwavefront-guidedtreatmentthaneyeswith
low-magnitudeRMSh.
Severalstudiesreportedthattheincreaseinocular
aberrationscorrelatedwithlossofvisualacuityand
accountedformostofthedecreaseincontrastsensitivity
[3,24].
ButWang
[28] reportedthatchangesincorneal
aberrationsdidnotcorrelatewiththechangesofcontrast
sensitivityatdaytimeandnighttime,withandwithoutglare.
Inthecurrentstudy,thechangesofSAandRMS4were
negativelycorrelatedwiththechangesof1.5and3cpd
contrastsensitivitywhilethereductionin6and12cpd
contrastsensitivitywascorrelatedsignificantlywiththe
increaseofRMS3inWg-LASIKgroup1yearaftersurgery.
TheresultsinconventionalLASIKgroupwereslightly
differentfromtheresultsinWg-LASIKgroup.Thereduction
ofcorrespondingspatialfrequenciesCSwascorrelatedwith
theincreaseofcoma,SA,RMS3anddecreaseofRMS5.
HencewecanseethatnotallHOAscouldreducethe
contrastsensitivity,mostcomponentsoftheHOAscould
reducethecontrastsensitivity,suchasthecoma,SA,RMS3
andRMS5,whileasmallnumberofcomponentsof
aberrationswouldincreasethecontrastsensitivity,suchas
theRMS6.Itfurtherconfirmedthattheoverallaberration
wasnotamajorfactorforthechangesofcontrastsensitivity,
andhigheroverallaberrationdidnotmeanlowercontrast
sensitivity,whilethecompositionoftheaberrationswould
playanimportantroleonthechangesofcontrastsensitivity.
Onthewhole,SAplayedamajorroleoncontrastsensitivity
preoperativelyandtheseresultsweresimilartotheresearch
ofMoshirfarwhoreportedSAwasamajorfactorfor
changesofcontrastsensitivityinalargedarkadaptation
pupil.AndRMSh,comaandSAwerethemainfactorson
contrastsensitivityaftersurgery
[29].However,thecorrelation
betweenhigher-orderaberrationsandcontrastsensitivity
werefarmorecomplexthanimagined.Byanalyzingthe
resultsofthisstudy,wecouldnotethattheinfluenceof
everyhigh-orderaberrationsoncontrastsensitivityforevery
individualwasdifferentanditcouldbeconcludedthatevery
componentofhigher-orderaberrationswasinteractedand
constrainedwitheachotherontheroleofcontrast
sensitivity.
Inconclusion,wavefront-guidedLASIKwithiris-registration
ishighlyeffectivetoimprovesphericalequivalentand
contrastsensitivityandtogetbettervisualperformance
comparedwithconventionalLASIK.Andthe
wavefront-guidedLASIKwithiris-registrationisparticularly
suitableforeyeswithhigh-magnitudeRMSh.SAandRMS5
wereprimarily negatively correlatedwiththecontrast
sensitivitypriortosurgerywhileincreaseofcoma,SA,
RMS3,RMS4in Wg-LASIKandcoma, RMS3in
conventionalLASIKgroupwerenegativelycorrelatedwith
reductionofcontrastsensitivityoneyearaftersurgery.
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